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of the boat up to the water-level, The important
point to be grasped is that the weight of water
displaced exactly equals the all-up weight of the
boat. If a proportionately smaller boat is built,
but having the same weight, it must float more
deeply in order that it shall displace the same
volume of water. A larger boat of the same
weight would have a shallower draft. In. all three
cases the same weight of water is displaced, and
it is equal to the weight of the boat. This is the
meaning of the term "Displacement" when used
with either a ship or flying boat.

The displaced water has always the tendency to
eject the boat and to pour back into the cavity
which it makes. The force with which it does this
is known as the buoyancy, and it is only prevented
from effecting the ejection by the strength of the
hull and the weight acting downwards under
gravity. If equilibrium is to be maintained the
centre of gravity and the centre of buoyancy must
be in the same vertical line. If they are not one
over the other there is a tendency to upset the boat.
The position of the centre of buoyancy is deter-
mined by the lines of the underwater portion of the
hull. If they are full at the forward end and fine
towards the after end, as in a streamline shape, then
the centre of buoyancy will be forward of the mid-
length. The weights of the various components,
the hull structure itself, the main planes, engines,
tail unit, and the disposable load, must be so dis-
posed as to bring the centre of gravity into the
corresponding position. Further, the centre of
gravity must not be too high or the boat will be
top heavy and tend to overturn sideways. It is
virtually impossible to design a flying boat which
is self stable about the longitudinal axis. Owing
to the very shallow draft the centre of buoyancy
must be low. At the same time the greater num-
ber of weights are high, particularly in a biplane
where the engines are mounted between the
wings. Thus, as has already been explained in the
case of the single-float seaplane, wing-tip floats must
be fitted to provide buoyancy and stability if the
boat heels over when moored. The problem does
not arise during taking off in calm water because,
like a bicycle, the boat acquires dynamic stability.
In rough weather, however, waves may catch the
wing-tip floats and cause racking strains throughout
the wing structure to which they are attached.
For this reason there is a strong argument in
favour of stub wings on the hull, attached to or
built into what is the strongest part of the whole
machine. They also serve other purposes, such as
fuel storage tanks, stowage space for stores, etc,,
and provide a gangway for entering the cabin.
But, because they are so near the centre line they
must be bigger than the corresponding wing-tip
floats if they are to provide the same stability.
They therefore cause more resistance and are much
heavier.

There are, of course, differences in form between

a ship, which runs on the surface of the water at a
relatively low speed, and one which must be
capable of leaving the surface and taking to the
air. The most obvious assumption from which to
start is that the flying-boat hull must be of a good
streamline shape, so that the air resistance may
be as small as possible. It is found, however, that
a perfect streamline shape is incapable of leaving
the water.

When a fluid passes over a surface having a
convex curvature it creates a suction away from
that surface. This is illustrated by the air flow over
the upper surface of a wing section. Similarly, if a
hull had the convex surface of a streamline body
below the water line it would be sucked lower and
lower as the speed increased. The step is provided
to prevent this happening. At low speeds the
water flows over the step like an inverted water-
fall, but as the speed increases it breaks further
and further back, tending to create a vacuum
behind the step. Air is sucked in, however, and
gradually a cushion of air is built up all the way
from the step to the stern, separating the hull
from the water. At the same tune the main planes
are picking up sufficient lift as the boat accelerates
to pull it clear of the surface. Larger boats may
be fitted with two steps, at about one-half and
two-thirds of the length from the bows. A greater
number than two would have a serious effect on
the flying performance.

The shape of the cross-section of the boat may
have a considerable effect on its characteristics on
the water. A V-shaped bottom reduces the shock
of alighting, but it is found to throw out a lot of
spray. At the upper ends of the V, where the
bottom runs into the sides the line is rounded off
to throw down the water. The line of junction
between the bottom and side is known as the
"chine." The deck does not need to be as wide
as the bottom. The sides are, therefore, given a
slope inwards or "tumble-home."

The deck itself is cambered, this being found to
stiffen the plating and to help water to drain off.
The junction line between side and deck is known
as the "gunwale*" At the forward end of some
flying boats the sides slope outwards rather than
inwards in a manner somewhat reminiscent of
destroyers. This feature, which is known as
4'flare," is particularly suitable for a boat which
may have to operate from a rough sea.

The methods of construction and the terminology
of flying-boat hulls is very similar to those used in
shipbuilding. A mam girder runs right along the
top and bottom from end to end. At the top this
is known as the dorsal, and at the bottom as the
keelson. Other longitudinal girders also run from
end to end. Those along the bottom are called
side keelso-ns, and those along the sides and deck
as stringers. Across these, preserving the cross-
sectional shape of the hull, are the frames, spaced
at regular intervals along the length. The lower
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